The myosin VII motor protein has recently been found to have a role in cell adhesion. This new function is conserved from amoebae to man and provides an explanation for deafness in Usher syndrome patients.
Myosins are largely seen as molecular motors that transport cargo along cables of actin filaments. These motor proteins consist of a head domain bearing the motor activity and a variable tail region. Variations in the head domain affect the velocity of the motor, whereas the sequence of the tail domain provides the specificity for cargo binding. In the simplest case, one myosin binds via its tail to another myosin to assemble the bipolar thick filament that powers muscle contraction. In non-muscle cells an everincreasing set of different, so-called unconventional, myosin molecules is expressed [1] . Apart from a few exceptions, the intracellular cargo of these myosins and therefore the roles of these myosins in the cell remain unknown. A twist to the classical view of myosin function comes from a study in a recent issue of Current Biology on the unicellular eukaryote Dictyostelium that has revealed a role for the unconventional myosin VII in cell adhesion [2] . This result is surprisingly congruent with the proposed role for myosin VIIa in auditory perception in vertebrates.
A cell type in which structural organisation beautifully reflects physiological function is the hair cell of the inner ear ( Figure 1a) . It is largely columnar in shape and, from its apical side, a staggered arrangement of finger-like protrusions, the stereocilia, project into the fluid-filled cavity of the inner ear. Upon arrival of a sound wave, the stereocilia are deflected and the mechanical stimulus is converted into an electric signal. This mechanical sensor is mainly constructed from actin filaments. Bundles of Factin build the core of stereocilia from tip to bottom. Their rootlets are immersed in a dense actin cushion underlying the apical pole of the cell, called the cuticular plate.
Diverse myosins appear in various locations within the hair cell [3] . Stereocilia tips contain myosin Ib which may be tied to a molecular spring connecting the tips. The cuticular plate is rich in myosin VI which anchors the rootlets of the stereocilia in the cell and may form their basal constriction. Myosin VIIa pops up in two interesting locations, namely along the length of stereocilia beside the lateral linkers that tie stereocilia together, and in the pericuticular necklace -a band of apical cytoplasm surrounding the cuticular plate that is densely populated with vesicles.
Myosin VIIa must be specifically important for hair cell function, because patients carrying mutations in the corresponding gene suffer from deafness [4] . This disease is called Usher syndrome type 1B and also affects retinal integrity [5] . Mutant model systems that replicate the auditory symptoms and balancing defects of Usher disease are the shaker-1 mouse [6] and the mariner zebrafish [7] : hair cells are used in the zebrafish for detection of water movements in the lateral line organ. Cells and tissue obtained from these model organisms allow us to study the functional consequences of defective myosin VIIa.
Firstly, the localisation of myosin VIIa to the vesicle-rich zone of the pericuticular necklace prompted experiments on vesicular traffic [8] . Indeed, endocytosis of a membrane-labelling styryl dye is greatly perturbed in the hair cells from mariner fish. Interestingly, the pharmacological properties and the fast time-course of this endocytic process are suggestive of the type of rapid endocytosis that operates at synapses to ensure membrane recycling after exocytosis of neurotransmitters [9] . It is therefore possible that future studies may uncover a function for myosin VII in synaptic transmission -yet another case to be solved in a suitable model system. Secondly, the localisation of myosin VIIa to stereocilia indeed appears to have a role in maintaining the organisation of the apical brush. The conical bundle of stereocilia present on hair cells of wild-type fish appears rather splayed in the mariner mutants, indicating that myosin VIIa contributes to the adhesion between adjacent stereocilia [7] . The same is true for the shaker-1 mouse mutants [6] . To further analyse how myosin VIIa is linked to stereocilia adhesion, Christine Petit and colleagues [10] launched a yeast two-hybrid screen to identify proteins interacting with the myosin VIIa tail. This screen turned up vezatin, a novel transmembrane protein that localises to the lateral links connecting stereocilia as well as to cell-cell adherens junctions with neighbouring cells.
These authors went on to show that vezatin's association with adherens junctions is dependent on the cadherin-catenin complex, which mediates Ca 2+ -dependent cell-cell adhesion. Together these results suggest a surprising new link between myosin VIIa and cell adhesion [10] . Overwhelming support for this newly established connection comes from the recent identification of new cadherins that are defective in patients suffering from Usher syndrome 1D [11] and in the corresponding mouse mutants [12, 13] . Hair cells from affected mice show disorganised stereocilia and splayed sensory cones, highly reminiscent of the phenotype observed in myosin VIIa mutants. This loss of structural integrity is the obvious cause of hereditary deafness.
How general is this newly discovered link between myosin VII and cell adhesion? The undisputed lower end on the scale of model organisms is the soil amoeba Dictyostelium (Figure 1b) . Nowadays it has a good reputation for studies on cell adhesion and even more so for work on the dynamics of the cytoskeleton. Cell adhesion proteins have been characterised down to the amount of force developed between a single pair of molecules [14] , and the myosin repertoire comprising a dozen members [15] currently outnumbers that in hair cells. In a recent issue of Current Biology, Margaret Titus and colleagues [2] analyse a Dictyostelium cell line that lacks myosin VII using sophisticated assays which are equally sensitive and sensible. Myosin VII mutants are impaired in phagocytosis [16] . Further dissection of this defect now reveals that the adhesion of particles to the cell surface is the step dependent on myosin VII [2] .
These authors go on to show that cell migration is also not typical, in that the leading edge of the cell frequently detaches from the substratum and a phase of chaotic movements off the surface ensues. Finally, myosin VII mutants are also impaired in Ca 2+ -dependent cell-cell adhesion, which is probably mediated by a Dictyostelium cadherin equivalent [17] . This list of defects, all related to cell adhesion, is strikingly similar to the phenotypes observed in a Dictyostelium mutant lacking talin, a protein thought to link the actin cytoskeleton to adhesive cell-surface receptors [18] . Yet another common feature of both talin and myosin VII is the specificity of their localisation to the tips of filopods emanating from the amoebal surface [2, 19] . Now that the role of class VII myosins in the formation of cell-cell and cell-substrate contacts appears to be firmly established in biology and conserved in evolution, the question of its molecular mechanism remains to be discussed. First, it is important to note that myosin VII really clockwise and protein localisation is taken from various studies [2, 24, 25] . Myosin VII first localises to the tip of a filopod that contacts a particle (top). After the particle adheres to the surface (upper right) the membrane develops into a cup-like structure lined with myosin VII (lower right). When the phagocytic cup covers more than half of the particle, myosin VII dissociates from the membrane (bottom) and phagocytosis is completed in the absence of myosin VII. Myosin I, a known component of phagocytic cups, is assumed to associate with the membrane of the incipient phagocytic cup (upper right), but not dissociate from the phagosome until it has been completely engulfed (upper left).
is a molecular motor -that is, it is capable of moving on actin filaments at a decent speed [20] . One model for its function suggests that myosin VII grabs membrane proteins floating around at the surface of the cell, and gathers them at the sites of contact formation, such as filopodial tips [2] . Another possibility is that myosin acts as a molecular sensor for measuring the strength of a contact. Cells continuously probe their environment for adhesive strength, similar to a climber probing rocks to see whether or not they will support his weight. Cell contacts to neighbouring cells [21] or to the substratum [22] develop and are maintained only in the presence of a contractile actin-myosin cytoskeleton.
Therefore, a scenario that might account for the mechanical events that occur, for example, during substrate adhesion could be the following. When the first surface receptor gets occupied with a determinant on the substrate, a myosin molecule is there to probe the strength of the interaction. If the interaction withstands pulling, the myosin link to the cytoskeleton is replaced by a nonmotile one, such as one mediated by a talin molecule. The myosin is then free to pull on an adjacent receptor, to test whether or not it is bound to the substrate. In this manner, every receptor that can withstand the strain imposed by a myosin molecule becomes engaged in a stiff link until the contact area reaches a certain limit. In this simplified twoplayer model, the limit could be a timer that releases talin after a certain time, with the receptor then becoming available for another round of probing by myosin. A relevant observation made on myosin VII mutant amoebae [2] and talin null cells [18] is that the area of contact between migrating cells and the substratum is greatly reduced compared with wild-type strains. The speculative model is compatible with this observation because it would predict that expansion of the contact area is not possible in the absence of either the myosin sensor or the talin linker.
It is my sincere hope that the valued reader is now eager to build alternative models for myosin VII function and immediately turns to the original article by Tuxworth et al. [2] .
